Abstract-In this paper, we design a direct feedback adaptive fault-tolerant controller to cope with the uncertainty and non-modeling of the interference of the four-rotor UAV attitude control system. The controller is stuck in the UAV and the external. Under the condition of uncertainty, the attitude of the UAV can effectively track the state output of the reference system by introducing the feedback of the state and its error.
I. INTRODUCTION
With the development of UAV, improving the control quality of aircraft has become an important research content in the field of aircraft control and design field, ensuring that it can automatically identify faults, deal with the failure and interference has become a key link to improve the autonomy of the aircraft. Fault-tolerant control technology is a kind of advanced control method [1] which can be used to compensate the influence of failure and maintain the effect of system control when the control system has a certain range of fault interference. It has been widely used in the field of aerospace control [2] [3] [4] .
Four rotor UAV flight state is changing at any time, the aerodynamic parameters are not accurate, the body dynamics is complex, the model library is imperfect, flight mechanism is nonlinear, variability and uncertainty, these unmodeled factors greatly increased UAV control difficulty. The attitude control system has the feature of over-drive, strong coupling and complex working conditions. The uncertainties of the flight process could also cause the sensor, the controller, the transmission link and the control system, once happened,actuators and other failures will do a fatal damage to the entire system. it is necessary to study the UAV external interference and fault compensation on the impact of the flight process.
In the present field of control, the nonlinear disturbance observer has been applied in many fields. Based on a class of nonlinear uncertain systems, it's main function is to observe uncertainties such as unmodeled impact of the system or unknown disturbances, so as to provide the design for the subsequent controller, the paper [5] design a robust tracking controller based on disturbance observer. According to the attitude control problem of rigid body satellites, in the paper [6] , based on the output of disturbance observer, a fuzzy sliding mode interference compensation control method based on error quaternion is proposed. In the paper [7] ,an inversion control method based on sliding mode European technology is designed by using nonlinear observation jammers to approximate unmodeled dynamic and boundary unknown disturbances. In the paper [8] it propose an adaptive fault tolerant control system for the gain fault of the rotor, which can deal with the fault of the drive unit, but the lack of in-depth analysis of the fault detection, so it's no significance in practical application.
II. PROBLEM DESCRIPTION

A. Mechanics Model of Four Rotor
General, UAV use coordinate system is body coordinate system, ground coordinate system, and track coordinate system, Euler angle ( ) , , (
  
,which represent the yaw angle, the pitch angle and the roll angle respectively, is used to describe the flight attitude, The generalized coordinate system of the UAV is
represents the distance from the fuselage to the origin of the inertial coordinate system, M1， M2， M3， M4 represent the four motors respectively, F1，F2，F3，F4 represent the lift force of four motors respectively. Firstly we need make a few assumptions [8] :
(1) UAV is a completely symmetrical rigid body structure.
(2) The output voltage of DC motor is linear with the output torque.
(3) The center of mass of UAV is completely coincident with the origin of the coordinate system.
(4) The ground coordinate system is the inertial coordinate system (ICS), the curvature of the earth can ignored, Acceleration of earth is a constant.
The scheme of a quad-rotor UAV is as follow: FIGURE I. THE SCHEME OF A QUAD ROTOR UAV Let's assume it.
Where m represent the quality of UAV, J represent the moment of inertia, g represent the gravity acceleration, then the Lagrangian equation of system could be as:
is the force of each channel, is the torque of each channel. Then there is next force equation: 
, then Coriolis vector can be represented as follow:
In order to simplify the operation, we can make a command:
In this paper, we doing lots of research on each system of UAV respectively, on the base of follow assumption, the attitude change angle is not more than 5 degrees,
, so the axis equation of UAV is just as follow:
So the control input vector is
, so the System state space Expression can be as:
In which A is state matrix, B is input matrix, C is output matrix, D is incidence. Where 
B. Control Problem Description
Face with the case of external disturbance and actuator failure, the model of the attitude control system of four rotor UAV with three degrees of freedom can be described: 

indicates the extent to which the agency is stuck, and L indicates that the total number of failures that may occur in the actuator, when actuator i get stuck, the fault input signal can be regarded as:
in the last ,the system model can be described as
The target of this paper is design an adaptive fault tolerant controller(FTC) based on state feedback and error adjustment, so that the UAV can keep the state signal x(t) under certain conditions, where the system model is not established, the actuator failure and interference are uncertain , the state signal could still track the state of the reference system ) (t x m . 
C. Adaptive Fault Tolerant Controller Design
The structure of adaptive fault-tolerant control system is just as follow: 4 , k k were assumed to be the error feedback matrix. There were used to compensate the influence of the system uncertainties and external disturbances on the system. When the designed controller replaced into the controlled object.
The error variable for the system is
Then the state change of controller is
Once replaced the state change of controller with the derivative of tracking error, we can get this:
According to the regulation of adaption: 
The error were defined as
There a law: for closed loop system (9) , if it's control structure is expressed as (11) , the control rate is expressed as (22), the parameter adaptive rate is expressed as （21） and （23） . Then we can make conclude that the state of the controlled system is limited that can track the output state of the reference system.
III. THEORETICAL DEMONSTRATION
Proof: we can construct a L yapunov function [12] ) ( 2 1
We can take the derivative of the above formula 
is on the ground. So We can take formula (27) and (28) into (25) ) ( 
We take (6-42) into (6- 
We can simplify the formula as follow according to the According to the above parameters and initial conditions, the tracking error of the attitude angle of the four rotor UAV can be obtained as follows [8] :
